Early diagnosis plays a vital role in controlling tuberculosis. The conventional methodology is slow, with results taking several weeks, in addition to having low sensitivity, especially in clinical paucibacillary samples. The objective of this study was to evaluate the use of polymerase chain reaction (PCR) on solid medium culture for a rapid diagnosis of tuberculosis, mainly in cases of negative sputum smears. Forty sputum samples were collected from inpatients with tuberculosis treated for less than 2 days. Bacilloscopy, PCR for sputum, culture on Löwestein-Jensen (LJ) solid medium, and daily PCR from culture were performed on each sample. DNA extracted from the BCG vaccine, which contains attenuated bacillus Calmette-Guérin, was used as the positive control. Smear microscopy showed 68.6% sensitivity, 80% specificity, 96% positive predictive value, and 26.7% negative predictive value, with culture on LJ medium as the gold standard. Culture at day 28 showed 74.3% sensitivity and 100% specificity. PCR of DNA extracted from sputum amplified a 1027-bp fragment of the 16s RNA gene, showing 22.9% sensitivity and 60% specificity. PCR performed with DNA extracted from daily culture showed that, from the 17th to the 40th day, the sensitivity (85.7%) and specificity (60%) were constant. We conclude that a 17-day culture is a good choice for rapid diagnosis and to interfere with the transmission chain of tuberculosis.
Introduction
Since 1998, tuberculosis (TB) has been regarded as a worldwide emergency because it is the leading cause of death by an infectious disease in adults (1) (2) (3) (4) (5) . The estimate is that approximately two billion people harbor the bacillus (6). The estimated annual global incidence of TB in 2005 was 136 cases per 100,000 inhabitants. In the Americas, Brazil ranked in 15th place, with 112,000 cases (5) .
An early diagnosis plays a vital role in controlling TB. However, the conventional methodology is slow, with laboratory results taking several weeks, in addition to having low sensitivity, especially in clinical paucibacillary samples (3, (7) (8) (9) . The reversal of this scenario will require the development of new strategies to increase the quality and speed of TB diagnosis. The estimate for the next 20 years is that the increased detection of cases could reduce the incidence by 41% (5) .
Detection of mycobacterial DNA directly from sputum by amplification of the 16S rDNA gene allows rapid species identification (10) . However, the amplification of this gene in sputum has been challenging, with sensitivity well below the desired values for the diagnosis (11) .
The present study was conducted to evaluate the efficiency of polymerase chain reaction (PCR) directly from sputum and culture on Löwenstein-Jensen (LJ) solid medium in which the colonies are not visible.
O N L I N E P R O V I S I O N A L Material and Methods
Sputum samples were obtained from inpatients with a clinical diagnosis of TB, with a maximum of 2 days of treatment, admitted to a TB reference hospital, and processed within 2 h after collection.
Each sample was homogenized and divided into three parts, one for slide preparation for bacilloscopy (Ziehl-Nielsen), one for DNA extraction and PCR, and the third for decontamination and distribution in 7 culture tubes containing LJ solid medium. Smear preparation, Ziehl-Nielsen staining and slide reading followed the recommendations outlined in the Manual of Tuberculosis Bacteriology (12) .
DNA extraction from sputum was performed by alkaline lysis (13): sputum was resuspended in 400 µL GTE (50 mM glucose, 25 mM Tris-HCl, pH 8.0, and 10 mM EDTA), followed by 400 µL cell lysis solution (1% SDS, 0.2 M NaOH). The solution pH was neutralized with a 3-M solution of potassium acetate, pH 4.8 to 5.0. The sample was then treated with 20 mg/mL proteinase K solution (Invitrogen ® , USA). The extraction was performed with phenol/chloroform/isoamyl alcohol (25:24:1) and the DNA was precipitated in ethanol in the presence of salt and resuspended in 20 µL TE (10 mM Tris, pH 7.4, 1 mM EDTA). Quality control of the DNA extracted and verification of the presence of PCR inhibitors were performed by amplifying the 350-bp fragment using the pair of oligonucleotide primers ZR-244 and F-285, which target the 16s RNA gene (14) . Oligonucleotide primers were designed from the corresponding nucleotides of the 16S rRNA gene (15, 16) . Amplification by PCR for the detection of mycobacteria in clinical samples was performed using specific primers, F-285 -5'-AGAGTTTGATCCTGGCTCAG-3' and MYC-264 -3'-TGCACACA GGCCACAAGGGA-5', which amplify a 1027-bp fragment. The standard sample used as positive control of PCR amplification was DNA extracted from the BCG vaccine, which contains attenuated bacillus Calmette-Guérin.
The samples were cultured on LJ medium by the Petroff technique (12) . The tubes with cultures were incubated in an inclined position at temperatures ranging from 35° to 37°C.
To detect the presence of mycobacterial DNA in cultures before visualizing the colonies, material for PCR analysis was collected daily by scraping part of the surface of the medium in the culture tubes. Scraping of the medium was started 24 h after seeding (day 1).
Nine culture tubes were seeded for each sample and numbered 1, 2, 3, 4, 5, 6, 7, 14, and 42. Tube No. 42 was used to check bacterial growth up to 42 days.
A sterile wood stick was used to scrape the culture surface. On day 1, an aliquot was removed from tube 1 by scraping the surface of the LJ medium, and after a further 24 h (day 2) another aliquot was removed from tube 2 and so on, every 24 h, until tube 7. Tubes 1, 2, 3, 4, 5, and 6 were used again to scrape the aliquots of days 8, 9, 10, 11, 12, and 13, respectively. On day 14, tube 14, which was still untouched, was used. The collection of these aliquots was finalized when PCR was positive, or up to 42 days for the negative cultures. All collected aliquots were resuspended in GTE and submitted to the same procedure for PCR and DNA extraction as described previously. The cultures that showed no bacterial growth up to 42 days of culture were considered to be negative.
Sensitivity, specificity, predictive values, and odds ratio were calculated for each assessment with their respective confidence intervals (95%), taking as the gold standard the culture on the 42nd day, using MedCalc for Windows, version 9.6.0.0.
The research project was approved by the Ethics Committee in Human Research (CEPSH) of the Federal University of Santa Catarina under number 227/2006. All patients gave written informed consent to participate in the study.
Results
Bacilloscopy was positive in 25 (62.5%) of the 40 samples evaluated. PCR performed directly on DNA extracted from sputum was positive in 14 (35%) samples and negative in 26 (65%). No relationship was found between the amount of bacilli and the results of PCR.
All samples were cultured on LJ medium. Those which had positive PCR in DNA extracted directly from sputum were cultured and the time of colony growth was recorded. The remaining 26 samples were also cultured, but for these, in addition to the daily checking of colony emergence, a daily scraping of the medium surface was also performed to collect an aliquot for DNA extraction and PCR. Of the 40 cultured samples, five showed no mycobacterial growth by the 42nd day, with two PCR-positive sputum samples. Of the 26 cultured samples, which showed no positive PCR in sputum, 23 (88.5%) were positive by PCR on different days and 3 (11.5%) remained negative after the 40th PCR and culture day.
Of the total 40 samples cultured, 5 (12.5%) were negative, 5 (12.5%) were positive by 7 days, 5 (12.5%) were positive by 14 days, 6 (15%) were positive by 21 days, 10 (25%) by 28 days, 1 (2.5%) by 40 days, and 8 (20%) by 42 days of culture.
O N L I N E P R O V I S I O N A L
Bacilloscopy showed 68.6% sensitivity, 80% specificity, 96% positive predictive value, and 26.7% negative predictive value, considering the culture as the gold standard. Sensitivity, specificity, positive and negative predictive values for different incubation periods are listed in Table 1 . Figure 1A illustrates the receiver operating characteristic (ROC) curve for culture at day 21 of incubation. The area under the curve was 0.729 and the P value 0.0311; sensitivity was 45.7% and specificity 100%. Figure 1B presents the ROC curve for culture at day 28 of incubation. The area under the curve was 0.871 and the P value 0.0001; sensitivity was 74.3% and specificity 100%. Table 2 shows the sensitivity, specificity, positive and negative predictive values grouped into different incubation periods for PCR in samples of solid culture medium.
The analysis of all values defines the cut-off point of PCR at day 17 of culture. Statistical significance (P < 0.05) was observed only from that day on. All values remained constant and did not vary. Figure 2 shows the ROC curve for PCR on solid culture medium after 17 days of incubation. The area under the curve was 0.729, the P value 0.0311; sensitivity was 85.7% and specificity 60%.
Discussion
An increased detection of pulmonary TB cases was considered to be an additional global strategy for the 2006-2009 period (17) .
The sampling of this study consisted of 40 respiratory specimens. On average, each sample was tested 10 times by PCR and, therefore, about 415 PCR assays were performed, a very significant number, considering that about 5000 samples are tested each year in the State of Santa Catarina, 1500 of which are positive (18) .
This study was carried out to identify a method capable of improving the sensitivity of PCR culture. This procedure seems to improve the ability of PCR detection of the target gene, since it extracts pure DNA from mycobacteria in contrast to what occurs with DNA extracted directly from sputum. In the tests performed here, we observed that PCR from colonies grown on LJ presented 100% sensitivity in the amplification of 16S rDNA, while sensitivity values in sputum ranged from 22 to 72.4%, with these values being always linked to sputum quality (11, 19) . Lucchini et al. (20) used a liquid medium to assess PCR in cultures and obtained increased sensitivity.
Most studies that evaluate molecular biology techniques for TB diagnosis have been conducted in industrialized countries, with few series evaluating the clinical usefulness of such techniques under routine conditions. In developing countries, the use of molecular biology techniques for diagnosis is not yet a priority due to the high cost, technical difficulties and operational implementation, even in reference laboratories. Furthermore, there is a lack of information about the clinical pertinence and/or cost-effectiveness in different clinical scenarios (17) .
In the present study, bacilloscopy showed 68.6% sensitivity and 80% specificity. The positive predictive value was 96%. Bacilloscopy presents sensitivity that can range from 20 to 80% (11, (21) (22) (23) (24) (25) (26) . This method is recommended by the Stop TB program (6) because, although its sensitivity varies, it has already been shown that if three samples are used there is improvement in sensitivity to values between 80 and 90%. The other bacteriological and molecular methods shall be reserved for cases in which bacilloscopy is negative. In coming years there should be changes in this conduct because of the challenges encountered by the frequent isolation, in humans, of new species of mycobacteria considered nonpathogenic or even mycobacteria of the TB complex, that show a different sensitivity profile to tuberculostatic agents and to tuberculinic tests. In this case, the use of techniques for isolation, species identification and determination of susceptibility profile is necessary (27, 28) .
The intensity of amplification is different for each sample and appears to be related to the number of bacilli found by bacilloscopy. Ieven and Goossens (29) stated that some investigators ascribe the different results obtained by different methodologies when using the same sample to the unequal distribution of mycobacteria present in sputum and the difficulty in obtaining perfect sample homogeneity.
According to Cheng et al. (30) , early studies on nucleic acid amplification tests were carried out in laboratories that did not use clinical information in the decision-making process. However, suspicion of tuberculosis is very important in determining the utility of these tests.
Data show that there is no correlation between the results of bacilloscopy and PCR, probably, as already stated (29), because of the difficulty in obtaining perfect homogenization of bacilli in sputum. Ratnam et al. (31) showed that the decontamination procedures used to facilitate mycobacteria isolation also killed them, and that the percentage of these dead organisms varies depending on the method used and the species of mycobacteria present in the sample (31) .
Culture on solid medium, because of the time of Mycobacterium tuberculosis (MTB) growth, can become positive in up to 42 days. This growth time may vary if the sample contains only MTB or is mixed, containing rapid growth mycobacteria, which seems to have been the case in the present study, since growth was observed in 10 In a review article, Wattal (32) analyzed 7 studies that compared different culture media with regard to the time of mycobacterial growth. For the LJ solid medium, the median growth was 26.5 days, in agreement with the results presented here.
We believe that the rapid growth in up to 14 days can be due to mycobacteria other than MTB of rapid growth or simply to the fact that the samples were processed within a maximum of 2 h after collection, resulting in a lower loss of mycobacteria by the action of enzymes present in sputum, which may occur in stored samples.
Although the odds ratio for the 21st day of culture is 9.308, the P value only shows statistical significance from the 28th day of culture on and, therefore, the cut-off point for culture in this study was 28 days. Negi et al. (9) , in a comparative study of solid and liquid culture and PCR, found 48.9% sensitivity and 100% specificity on the 24th day of culture, values which were detected on the 21st day in the present study. This can be seen in Figure 1 , which compares the ROC curves for days 21 and 28 of culture. Sensitivity was 45.7 and 74.3% on the 21st and 28th days, respectively. The area under the curve for day 28 was 0.871, a higher value than found for day 21, which was 0.729. According to Buijtels and Petit (33) , mycobacterial growth is highly affected by the process of sample decontamination; however, this procedure is very important because sputum contains a variety of microorganisms that can grow much faster than MTB. Other studies have shown that this procedure kills 70 to 90% of viable bacilli, changing the low viability of the sample both for culture and for PCR (29, 33) .
The sensitivity and specificity of PCR performed from DNA extraction of MTB culture indicate a cut-off point at day 17 of cultivation followed by PCR for the detection of mycobacterial DNA. Regarding the culture cut-off point, the present study expedited diagnosis within 11 days. Lucchini et al. (20) conducted a study for the early detection of M. tuberculosis in liquid culture medium followed by PCR and obtained a small positive sample. They concluded that PCR performed on samples cultured in liquid medium after 5 days of inoculation can detect M. tuberculosis earlier than culture alone, reinforcing the importance of culture associated with a molecular technique.
From the 14th day of cultivation followed by PCR the odds ratio (6.0) increased considerably, but the P value showed significance only from the 17th day (P = 0.03), which remained constant until the 39th day.
The ROC curve for PCR after 17 days of cultivation showed 85.7% sensitivity and 60% specificity. Moreover, the area of the ROC curve with a value of 0.729 and a P value of 0.03 indicated statistical significance in relation to the gold standard and increased the value of PCR sensitivity. In this case, PCR sensitivity was much higher than the 22% value obtained when PCR was performed directly from sputum. The comparative ROC curve of the methods used indicated that PCR performed with DNA extracted from 17-day cultivation was the best alternative to achieve a more rapid TB diagnosis, and recommended its combination with techniques traditionally employed in public health clinical laboratories.
The present results show that the use of PCR combined with culture can reduce the time of TB diagnosis to 17 days and can effectively intervene in the epidemiological chain of TB. Receiver operating characteristic (ROC) curve for PCR at day 17 of culture. The area under the curve was 0.729, the P value 0.0311. Sensitivity was 85.7% and specificity 60%
